Experiments now presented were designed to investigate the effects of methionine deficiency on iron absorption and storage. The pertinent question raised is whether with the methionine deficiency there is an increase in the absorption of Fe, since it is known that ethionine, a metabolic antagonist and analogue of methionine, causes an increase in the absorption of Fe from the gastro-intestinal tract and deposition of large amounts of Fe in the liver (Kinney, Kaufman & Klavins, 1955) .
E X P E R I M E N T A L
Thirty-two rats of the Sprague-Dawley strain, each weighing approximately 180 g, were used in these experiments. The animals were divided into two groups, an experimental and a control. The experimental group was given a synthetic diet in which the casein was replaced by an amino acid mixture having approximately the same amino acid composition as casein, but with the methionine omitted; the methionine was replaced by an equivalent amount of glucose. The control animals were pair-fed and received the same diet, but methionine was not excluded. The composition of the amino acid mixture is listed in Table I . The basal diet consisted of 16.71 g of amino acid mixture, 68-19 g glucose, 1 1 ml maize oil (Mazola oil, made by Best Foods Division, Corn Products Company, New York, NY, USA), and 4 g of salt mixture which contained 19.13 mg Fe (Hegsted, Mills, Elvehjem & Hart, 1941) . Each IOO g diet was supplemented with the following vitamins: thiamine chloride, 400 pg; pyridoxine hydrochloride, 400 ,ug ; riboflavine, 800 ,ug ; calcium pantothenate, I 500 pg ; nicotinic acid, z500,ug; vitamin A, approximately 60 USP units; vitamin D, I USP unit. Choline chloride was not included in the basal diet in order that this diet should simulate, as far as possible, the composition of the diet in the experiments with ethionine administration (Kinney et. al. 1955) . The animals were housed in individual mesh-bottom cages, given water ad lib. and weighed twice a week.
The experiments lasted for 4 weeks. At the beginning of the experiment haemoglobin and haematocrit values were determined and the animals were paired according to weights and haemoglobin values. When the rats were killed, blood was obtained for haemoglobin and haematocrit determinations. I n half of the animals, at the end of the experiment, serum Fe content and total Fe-binding capacity of serum were determined (Carraway, 1963). Livers were weighed and sections fixed in buffered formalin for histological examination, and subsequently stained for fat, with haematoxylin and eosin, and for Fe. The Fe staining was carried out by using Perls's technique (Perls, 1867) as modified by Gomori (1936) . Sections of other organs were examined after haematoxylin and eosin staining. The livers and intestinal tracts of the other half of the animals in each group were removed and the remaining carcasses and livers were digested separately in sulphuric, nitric and perchloric acids, and the digest was analysed for Fe (Kitzes, Elvehjem & Schuette, 1944) . The results were analysed statistically by Student's t test for paired
The animals on the methionine-deficient diet lost more weight than the pair-fed controls (Fig. I) and by the end of the experiment their weights were significantly lower ( Table 2 ). The total mean food intake per animal was approximately 215 g. Vol. 20 Methionine dejiciency and iron retention 81 5
Fe values for the total body, excluding intestine, were significantly lower in the methionine-deficient animals than in the controls. Similarly, the carcass Fe values when the liver was not included were also significantly lower. On the other hand, liver Fe values were significantly higher than in the control animals ( Table 3 ). The haemoglobin values increased significantly in both the experimental and the control rats, but in the methionine-deficient group the increase was not as great. In spite of this gain, these values were significantly lower in the experimental than in the control animals by the end of the experiment. There was no statistically significant difference between the initial and final haematocrit values in the methionine-deficient rats. In the control animals the haematocrit values increased significantly, so that by the end of the experiment they were greater than those in the methionine-deficient rats. There was a decrease in the total Fe-binding capacity of serum in the methioninedeficient animals, with no significant difference in the serum Fe content or serum Fe saturation (Table 3) . Liver weights were not significantly different when the experimental and control groups were compared. In the methionine-deficient rats there was centrilobular fatty metamorphosis. There was no liver cell necrosis, bile duct proliferation, or cellular infiltrate. Only occasionally were small amounts of fat seen in the control rats. Histochemically demonstrable Fe was increased in livers of the methionine-deficient rats I 966
and it was distributed diffusely. Small amounts of Fe were noted occasionally in control rats, but there was less in the control rat than in the paired methionine-deficient rat.
No histological differences were noted when pancreases of the control and methionine-deficient animals were compared.
The spleen weights were markedly decreased in the animals on methionine-deficient diets ( Table 2 ) , but there was no significant difference in kidney weights.
D I S C U S S I O N
Fe values for total body in the methionine-deficient group were significantly lower than in the pair-fed controls. This clearly indicates that in methionine deficiency there is a decrease in the absorption or retention of Fe. In addition, there was a decrease in the total Fe-binding capacity which could be related to the hypoproteinaemia observed in methionine deficiency (Glynn, Himsworth & Neuberger, 1945) . The increased Fe content of the liver would indicate an internal shift in Fe stores and is not a reflection of increased absorption of Fe. This is supported by the fact that an anaemia develops in methionine deficiency in young animals (Glynn et al. 1945) and that in the present experiments, in which older rats were used, the haemoglobin values were also significantly lower. From this it would appear that there is a decrease in haemoglobin synthesis and utilization of the Fe with deposition of Fe in the liver. The increase in the liver Fe values was reflected in the increase in Fe seen histochemically.
From the present experiments it appears that the Fe kinetics in methionine deficiency differ from those in ethionine feeding. When synthetic diets were supplemented with ethionine for 4 weeks (Kinney et al. 1955) , or when Purina chow was supplemented with ethionine for 6 weeks (Klavins, Kinney & Kaufman, 1965) , Fe absorption was increased. There was no anaemia within the 6-week period (Klavins et al. 1965 ). Whereas in methionine deficiency the increased liver Fe values are attributed to an internal shift of Fe, in ethionine feeding they are a reflection of increased absorption since the total body Fe is increased in contrast to the effect in methionine-deficient animals, whose total body Fe is decreased.
Further differences between the effects of methionine deficiency and ethionine feeding are seen in the anatomical changes. There was extensive pancreatic acinar damage and liver damage with ethionine; these changes were not seen with methionine dcficiency. The only significant alterations were in the liver, where there was centrilobular fatty metamorphosis.
The pattern of weight changes is also different in methionine deficiency and in ethionine feeding. In methionine deficiency there was a steady continuous decline in weight (Fig. I) , whereas in ethionine feeding there was an initial rapid weight loss followed by a slow weight gain (Klavins, Kinney & Kaufman, 1959 ; Kinney, Kaufman, Klavins, Marsters & Tseng, 1960) . From this it appears that the effects of ethionine cannot be altogether explained by methionine deficiency due to the action of ethionine, in spite of the fact that almost all of the ethionine effects can be prevented or diminished by simultaneous administration of methionine ( Artom, 
